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(57) The present invention relates to a permanent
magnet manufactured by steps of: wet-pulverizing a high-
melting metal element-containing organic compound or
a precursor of a high-melting ceramic in a solvent togeth-
er with a magnet raw material to pulverize the magnet
raw material into fine particles having a grain size of 3
pm or less and to coat a surface of the pulverized magnet
raw material with the high-melting metal element-con-
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taining organic compound or the precursor of the high-
melting ceramic; adding a resin binder to the magnet raw
material coated with the high-melting metal element-con-
taining organic compound or the precursor of the high-
melting ceramic; producing a slurry by kneading the mag-
net raw material and the resin binder; molding the slurry
into a sheet form to prepare a green sheet; and sintering
the green sheets

Fig 4
1. SLIP PREPARATION 2. SLURRY PREPARATION
Nd BOND MAGNET POWDER; ﬂ
SOLVENT: TOLUENE; BINDER
DISPERSING AGENT:
HIGH-MELTING METAL
ELEMENT-CONTAINING
ORGANIC COMPOUND;
(PRECURSOR OF "
HIGH-MELTING CERAMIC)
PULVERIZED WITH BEAD MILL @
4. SINTERING 3. SHEET PREPARATION / MAGNETIC FIELD ORIENTATION
1

41

/

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 273 515 A1 2

Description
TECHNICAL FIELD

[0001] The present invention relates to a permanent
magnet and a method for manufacturing the permanent
magnet.

BACKGROUND ART

[0002] Inrecentyears, a reduction in size and weight,
an increase in power and an increase in efficiency have
been required for permanent magnetic motors used in
hybrid cars, hard disk drives or the like. In particular, with
recent requirement for a reduction in size of the hard disk
drives, a further reduction in size and thickness has been
required for voice coil motors (hereinafter referred to as
VCMs) used for head driving of the hard disk drives as
shown in patent document 1 (JP-A-2006-286819).
Then, in realizing the reduction in size and thickness in
the above-mentioned VCMs, a reduction in film thickness
and further improvement in magnetic characteristics
have been required for permanent magnets buried in the
VCMs. Incidentally, as the permanent magnets, there are
ferrite magnets, Sm-Co-based magnets, Nd-Fe-B-based
magnets, Sm,Fe;;N,-based magnets and the like. In
particular Nd-Fe-B-based magnets having high coercive
force are used as the permanent magnets for the perma-
nent magnet motors.

[0003] Here, as a method for manufacturing the per-
manent magnet used in the permanent magnet motor, a
powder sintering method is generally used. In the powder
sintering method as used herein, a raw material is first
pulverized with a jet mill (dry pulverization) to produce a
magnet powder as shown in Fig. 5. Thereafter, the mag-
net powder is placed in a mold, and press molded to a
desired shape while applying a magnetic field from the
outside. Then, the solid magnet powder molded to the
desired shape is sintered at a predetermined tempera-
ture (for example, 1100°C in the case of the Nd-Fe-B-
based magnet), thereby manufacturing the permanent
magnet.

BACKGROUND ART DOCUMENTS

PATENT DOCUMENTS

[0004]
Patent Document 1: JP-A-2006-286819 (Page 2,
Page 3, Fig. 4)
Patent Document 2: JP-A-2004-250781 (Pages 10
to 12, Fig. 2)

SUMMARY OF THE INVENTION

[0005] However, when the permanent magnet is man-
ufactured by the above-mentioned powder sintering
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method, there have been the following problems. That is
to say, in the powder sintering method, it is necessary to
secure a predetermined porosity in a press-molded mag-
net powder in order to perform magnetic field orientation.
And when the magnet powder having the predetermined
porosity is sintered, it is difficult to uniformly perform con-
traction which occurs at the time of sintering, and defor-
mations such as warpage and depressions occur after
sintering. Further, since pressure unevenness occurs at
the time of pressing the magnet powder, sparse and
dense of the magnet after sintering are formed to gener-
ate strain on a surface of the magnet. Conventionally, it
has therefore been required to compression-mold the
magnet powder to a larger size than that of a desired
shape, previously assuming that strain is generated on
the surface of the magnet. Then, cutting and polishing
operations have been performed after sintering to per-
form processing for correcting to the desired shape. As
a result, manufacturing processes increase, and there is
a possibility of deteriorating qualities of the permanent
magnet manufactured.

[0006] Further, particularly in the permanent magnet
used in the VCMSs as described above, a reduction in film
thickness (for example, 1 mm or less in thickness) has
been required. And the magnet reduced in film thickness
has a large ratio of a processing-deteriorated layer on a
surface, which occurs in the case of processing the sur-
face, compared to a thick magnet. Accordingly, when the
thin film-like permanent magnet is manufactured by the
above-mentioned powder sintering method, a problem
of further deteriorating magnetic characteristics has also
been encountered.

[0007] On the other hand, it has been known that the
magnetic characteristics of the permanent magnet are
basically improved by miniaturizing the crystal grain size
of a sintered body, because the magnetic characteristics
of the magnet is derived by a single-domain fine particle
theory. In general, when the crystal grain size of the sin-
tered body is adjusted to 3 um or less, it becomes pos-
sible to sufficiently improve the magnetic performance.
[0008] Here, in order to miniaturize the crystal grain
size of the sintered body, it is necessary to also minia-
turize the grain size of a magnet raw material before sin-
tering. However, even when the magnet raw material
finely pulverized to a grain size of 3 wm or less is molded
and sintered, grain growth of magnet particles occurs at
the time of sintering. Accordingly, the crystal grain size
of the sintered body after sintering has not been able to
be reduced to 3 pm or less.

[0009] Accordingly, there is considered a method of
adding a material for inhibiting the grain growth of the
magnet particles (hereinafter referred to as a grain
growth inhibitor) to the magnet raw material before sin-
tering. According to this method, it becomes possible to
inhibit the grain growth of the magnet particles at the time
of sintering, for example, by coating surfaces of the mag-
net particles before sintering with a grain growth inhibitor
such as a metal compound having a melting point higher
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than a sintering temperature. For example, phosphorus
(P) is added as the grain growth inhibitor to a magnet
powder in patent document 2. However, when the grain
growth inhibitor is added to the magnet powder by allow-
ing it to be previously contained in an ingot of the magnet
raw material, as described in the above-mentioned pat-
ent document 2, the grain growth inhibitor is not posi-
tioned on the surfaces of the magnet particles after sin-
tering, and diffused into the magnet particles. As a result,
the grain growth at the time of sintering cannot be suffi-
ciently inhibited. Further, this has also contributed to a
decrease in residual magnetization of the magnet.
[0010] The invention has been made in order to solve
the above-mentioned conventional problems, and an ob-
ject of the invention is to provide a permanent magnet in
which the deformations such as warpage and depres-
sions do not occur after sintering, because the contrac-
tion due to sintering becomes uniform by formation of a
green sheet, further which requires no correcting
processing after sintering to be able to simplify the man-
ufacturing processes, because the pressure unevenness
at the time of pressing disappears, and in which the crys-
tal grain size of the sintered body is adjusted to 3 um or
less to make it possible to improve the magnetic perform-
ance, because the grain growth of the magnet particles
at the time of sintering can be inhibited by coating a sur-
face of the magnet raw material with a high-melting metal
element-containing organic compound or a precursor of
a high-melting ceramic; and a method for manufacturing
the permanent magnet.

[0011] Namely, the presentinvention relates to the fol-
lowing items (1) to (5).

(1) A permanent magnet manufactured by steps of:

wet-pulverizing a high-melting metal element-
containing organic compound or a precursor of
a high-melting ceramic in a solvent together with
a magnet raw material to pulverize the magnet
raw material into fine particles having a grain
size of 3 wm or less and to coat a surface of the
pulverized magnet raw material with the high-
melting metal element-containing organic com-
pound or the precursor of the high-melting ce-
ramic;

adding aresin binder to the magnet raw material
coated with the high-melting metal element-con-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet.

Incidentally, the term "high-melting metal element-
containing organic compound" means a compound
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containing a high-melting metal atom or a high-melt-
ing metal ion which forms an ionic bond and/or a
covalent bond and/or a coordination bond through
an atom, which is generally contained in organic
compounds, such as carbon, nitrogen, oxygen, sul-
fur and phosphorus.

(2) A permanent magnet manufactured by steps of:

pulverizing a magnet raw material into fine par-
ticles having a grain size of 3 um or less;
wet-mixing a high-melting metal element-con-
taining organic compound or a precursor of a
high-melting ceramic in a solvent together with
the pulverized magnet raw material, thereby
coating a surface of the pulverized magnet raw
material with the high-melting metal element-
containing organic compound or the precursor
of the high-melting ceramic;

adding a resin binder to the magnet raw material
coated with the high-melting metal element-con-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet

(3) The permanent magnet according to (1) or (2),
in which the high-melting metal element-eontaining
organic compound or the precursor of the high-melt-
ing ceramic is unevenly distributed in a grain bound-
ary of the magnet raw material after sintering.

(4) A method for manufacturing a permanent magnet
including steps of:

wet-pulverizing a high-melting metal element-
eontaining organic compound or a precursor of
a high-melting ceramic in a solvent together with
a magnet raw material to pulverize the magnet
raw material into fine particles having a grain
size of 3 wm or less and to coat a surface of the
pulverized magnet raw material with the high-
melting metal element-containing organic com-
pound or the precursor of the high-melting ce-
ramic;

adding a resin binder to the magnet raw material
coated with the high-melting metal element-con-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet.

(5) A method for manufacturing a permanent magnet
including steps of:
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pulverizing a magnet raw material into fine par-
ticles having a grain size of 3 um or less;
wet-mixing a high-melting metal element-con-
taining organic compound or a precursor of a
high-melting ceramic in a solvent together with
the pulverized magnet raw material, thereby
coating a surface of the pulverized magnet raw
material with the high-melting metal element-
containing organic compound or the precursor
of the high-melting ceramic;

adding a resin binder to the magnet raw material
coated with the high-melting metal element-con-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet.

[0012] According to the permanent magnet having the
constitution of the above (1), the permanent magnet is
constituted by the magnet obtained by sintering the green
sheet obtained by mixing the magnet raw material with
the resin binder and molding the resulting mixture. Ac-
cordingly, the contraction due to sintering becomes uni-
form, whereby the deformations such as warpage and
depressions do not occur after sintering, and further, it
is unnecessary to perform the conventional correcting
processing after sintering, which can simplify the manu-
facturing processes, because the pressure unevenness
atthe time of pressing disappears. Therefore, it becomes
possible to mold the permanent magnet with a high de-
gree of dimension accuracy. Furthermore, even when
the permanent magnet is reduced in film thickness, the
magnetic characteristics are not deteriorated by the
processing-deteriorated layer on the surface.

In addition, the surfaces of the pulverized magnet parti-
cles are coated with the high-melting metal element-con-
taining organic compound or the precursor of the high-
melting ceramic by performing wet mixing, so that the
grain growth of the magnet particles at the time of sinter-
ing can be inhibited. Accordingly, it becomes possible to
adjust the crystal grain size of the sintered body to 3 um
or less to improve the magnetic performance.

[0013] Further, according to the permanent magnet
described in the above (2), the permanent magnetis con-
stituted by the magnet obtained by sintering the green
sheet obtained by mixing the magnet raw material with
the resin binder and molding the resulting mixture. Ac-
cordingly, the contraction due to sintering becomes uni-
form, whereby the deformations such as warpage and
depressions do not occur after sintering, and further, it
is unnecessary to perform the conventional correcting
processing after sintering, which can simplify the manu-
facturing processes, because the pressure unevenness
atthe time of pressing disappears. Therefore, it becomes
possible to mold the permanent magnet with a high de-
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gree of dimension accuracy. Furthermore, even when
the permanent magnet is reduced in film thickness, the
magnetic characteristics are not deteriorated by the
processing-deteriorated layer on the surface.

In addition, the surfaces of the pulverized magnet parti-
cles are coated with the high-melting metal element-con-
taining organic compound or the precursor of the high-
melting ceramic by performing wet mixing, so that the
grain growth of the magnet particles at the time of sinter-
ing can be inhibited. Accordingly, it becomes possible to
adjust the crystal grain size of the sintered body to 3 um
or less to improve the magnetic performance.

[0014] Further, according to the permanent magnet
described in the above (3), the high-melting metal ele-
ment-containing organic compound or the precursor of
the high-melting ceramic is unevenly distributed in the
grain boundary of the magnet raw material after sintering,
so that it becomes possible to inhibit the grain growth of
the magnet particles at the time of sintering without de-
creasing the residual magnetization of the magnet.
[0015] Further, according to the method for manufac-
turing a permanent magnet described in the above (4),
the permanent magnet is manufactured by sintering the
green sheet obtained by mixing the magnet raw material
with the resin binder and molding the resulting mixture.
Accordingly, the contraction due to sintering becomes
uniform, whereby the deformations such as warpage and
depressions do not occur after sintering, and further, it
is unnecessary to perform the conventional correcting
processing after sintering, which can simplify the manu-
facturing processes, because the pressure unevenness
at the time of pressing disappears. Therefore, it becomes
possible to mold the permanent magnet with a high de-
gree of dimension accuracy. Furthermore, even when
the permanent magnet is reduced in film thickness, the
magnetic characteristics are not deteriorated by the
processing-deteriorated layer on the surface.

In addition, the surfaces of the pulverized magnet parti-
cles are coated with the high-melting metal element-con-
taining organic compound or the precursor of the high-
melting ceramic by performing wet mixing, so that the
grain growth of the magnet particles at the time of sinter-
ing can be inhibited. Accordingly, it becomes possible to
manufacture the permanent magnet in which the crystal
grain size of the sintered body is adjusted to 3 um or less
to improve the magnetic performance.

[0016] Further, according to the method for manufac-
turing a permanent magnet described in the above (5),
the permanent magnet is manufactured by sintering the
green sheet obtained by mixing the magnet raw material
with the resin binder and molding the resulting mixture.
Accordingly, the contraction due to sintering becomes
uniform, whereby the deformations such as warpage and
depressions do not occur after sintering, and further, it
is unnecessary to perform the conventional correcting
processing after sintering, which can simplify the manu-
facturing processes, because the pressure unevenness
at the time of pressing disappears. Therefore, it becomes
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possible to mold the permanent magnet with a high de-
gree of dimension accuracy. Furthermore, even when
the permanent magnet is reduced in film thickness, the
magnetic characteristics are not deteriorated by the
processing-deteriorated layer on the surface.

In addition, the surfaces of the pulverized magnet parti-
cles are coated with the high-melting metal element-con-
taining organic compound or the precursor of the high-
melting ceramic by performing wet mixing, so that the
grain growth of the magnet particles at the time of sinter-
ing can be inhibited. Accordingly, it becomes possible to
manufacture the permanent magnet in which the crystal
grain size of the sintered body is adjusted to 3 pm or less
to improve the magnetic performance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is an overall view showing a permanent mag-
net according to the present embodiment.

Fig. 2 is an enlarged view showing Nd magnet par-
ticles constituting a permanent magnet.

Fig. 3 is a schematic view showing a magnetic do-
main structure of a ferromagnetic body.

Fig. 4 is an explanatory view showing a manufactur-
ing process of the permanent magnet according to
the present embodiment.

Fig. 5 is an explanatory view showing a manufactur-
ing process of a conventional permanent magnet.

MODE FOR CARRYING OUT THE INVENTION

[0018] A specific embodiment of a permanent magnet
and a method for manufacturing the permanent magnet
according to the invention will be described below in detail
with reference to the drawings.

Constitution of Permanent Magnet

[0019] First, a constitution of a permanent magnet 1
will be described using Figs. 1 to 3. Incidentally in this
embodiment, particularly, an explanation is given taking
the permanent magnet 1 buried in a VCM as an example.
The permanent magnet 1 according to this embodiment
is a Nd-Fe-B-based magnet. Further, a high-melting met-
al element-containing organic compound or a precursor
of a high-melting ceramic for inhibiting the grain growth
of the permanent magnet 1 at the time of sintering is
added. Incidentally, the contents of respective compo-
nents are regarded as Nd: 27 to 30 wt%, a metal com-
ponent contained in the high-melting metal element-con-
taining organic compound (or a ceramic component con-
tained in the precursor of the high-melting ceramic): 0.01
to 8 wt%, B: 1 to 2 wt%, and Fe (electrolytic iron): 60 to
70 wt%. Furthermore, the permanent magnet 1 is con-
stituted from a fan-shaped and thin film-like magnet as
shown in Fig. 1. Fig. 1 is an overall view showing the
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permanent magnet 1 according to this embodiment.
[0020] The permanent magnet 1 as used herein is a
thin film-like permanent magnet having a thickness of 0.1
to 2 mm (2 mm in Fig. 1), and is prepared by sintering a
green sheet molded from a Nd magnet powder in a slurry
state as described later.

[0021] Further, in the permanent magnet 1 according
to this embodiment, surfaces of Nd magnet particles 35
constituting the permanent magnet are coated with layers
36 of the high-melting metal element containing organic
compound or the precursor of the high-melting ceramic
(hereinafter referred to as grain growth inhibiting layers
36) as shown in Fig. 2. Further, the grain size of the Nd
magnet particles 35 is 3 wm or less. Fig. 2 is an enlarged
view showing the Nd magnet particles constituting the
permanent magnet 1.

[0022] And the grain growth inhibiting layers 36 coated
on the surfaces of the Nd magnet particles 35 inhibit the
grain growth of the Nd magnet particles 35 at the time of
sintering. A mechanism of inhibiting the grain growth of
the permanent magnet 1 with the grain growth inhibiting
layers 36 will be described below using Fig. 3. Fig. 3 is
a schematic view showing a magnetic domain structure
of a ferromagnetic body.

[0023] Ingeneral, agrain boundary as a discontinuous
boundary face left between a crystal and another crystal
has excessive energy, so that grain boundary migration
which tends to decrease the energy occurs at high tem-
perature. Accordingly, when sintering of the magnet raw
material is performed at high temperature (for example,
1,100 to 1,150°C for the Nd-Fe-B-based magnet, the so-
called grain growth occurs in which small magnet parti-
cles contract to disappear and the average grain size of
the remaining magnet particles increases.

[0024] Here, in this embodiment, when the magnet
powder is finely pulverized by wet pulverization as de-
scribed later, the high-melting metal element-containing
organic compound or the precursor of the high-melting
ceramic and a dispersing agent are added in slight
amounts (for example, such an amount that the content
of the metal contained in the organic compound or the
ceramic component reaches 0.01 to 8 wt% based on the
magnet powder). This causes the high-melting metal el-
ement-containing organic compound or the precursor of
the high-melting ceramic to be uniformly adhered to the
particle surfaces of the Nd magnet particles 35 by wet
dispersion to form the grain growth inhibiting layers 36
shown in Fig. 2, when the magnet powder to which the
high-melting metal element-containing organic com-
pound or the precursor of the high-melting ceramic has
been added is sintered thereafter. Further, the melting
point of the high-melting metal element-containing or-
ganic compound or the precursor of the high-melting ce-
ramic is far higher than the sintering temperature of the
magnet raw material (for example, 1,100 to 1,150°C for
the Nd-Fe-B-based magnet), so that the high-melting
metal element-containing organic compound or the pre-
cursor of the high-melting ceramic can be prevented from
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being diffused and penetrated (solid-solutionized) into
the Nd magnet particles 35 at the time of sintering.

As a result, the high-melting metal element-containing
organic compound or the precursor of the high-melting
ceramic is unevenly distributed in the boundary face of
the magnet particle as shown in Fig. 3. Then, the grain
boundary migration which occurs at high temperature is
prevented by the high-melting metal element-containing
organic compound or the precursor of the high-melting
ceramic unevenly distributed, thereby being able to in-
hibit the grain growth.

[0025] On the other hand, it has been known that the
magnetic characteristics of the permanent magnet are
basically improved by miniaturizing the crystal grain size
of the sintered body, because the magnetic characteris-
tics of the magnet is derived by a single-domain fine par-
ticle theory. In general, when the crystal grain size of the
sintered body is adjusted to 3 wm or less, it becomes
possible to sufficiently improve the magnetic perform-
ance. Here, in this embodiment, the grain growth of the
Nd magnet particles 35 at the time of sintering can be
inhibited by the grain growth inhibiting layers 36 as de-
scribed above. Accordingly, when the grain size of the
magnet raw material before sintering is adjusted to 3 pum
or less, the grain size of the Nd magnet particles 35 of
the permanent magnet 1 after sintering can also be ad-
justed to 3 um or less.

Further, in this embodiment, when the magnet powder
molded by wet molding is sintered under proper sintering
conditions, the high-melting metal element-containing or-
ganic compound or the precursor of the high-melting ce-
ramic can be prevented from being diffused and pene-
trated (solid-solutionized) into the Nd magnet particles
35 as described above. Here, itis known that the diffusion
and penetration of the high-melting metal element-con-
taining organic compound or the precursor of the high-
melting ceramic into the magnet particles 35 decreases
the residual magnetization (magnetization at the time
when the intensity of the magnetic field is made zero) of
the magnet. Accordingly, in thisembodiment, the residual
magnetization of the permanent magnet 1 can be pre-
vented from being decreased.

Incidentally, the grain growth inhibiting layers 36 is not
required to be a layer composed of only the high-melting
metal element-containing organic compound or the pre-
cursor of the high-melting ceramic, and may be a layer
composed of a mixture of the high-melting metal element-
containing organic compound or the precursor of the
high-melting ceramic and Nd. In that case, the layer com-
posed of the mixture of the high-melting metal element-
containing organic compound or the precursor of the
high-melting ceramic and a Nd compound is formed by
adding the Nd compound. As a result, liquid-phase sin-
tering of the Nd magnet powder at the time of sintering
can be promoted. Incidentally, as the Nd compound to
be added, desirable is neodymium acetate hydrate, neo-
dymium (l1l) acetylacetonate trihydrate, neodymium (l11)
2-ethylhexanoate, neodymium (lll) hexafluoroacetylace-
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tonate dehydrate, neodymium isopropoxide, neodymium
(1) phosphate n-hydrate, neodymium trifluoroacetylac-
etonate, neodymium trifluoromethanesulfonate or the
like.

Method for Manufacturing Permanent Magnet

[0026] A method for manufacturing the permanent
magnet 1 according to this embodiment will be described
below using Fig. 4. Fig. 4 is an explanatory view showing
a manufacturing process of the permanent magnet 1 ac-
cording to this embodiment.

[0027] First, an ingot including 27 to 30 wt% of Nd, 60
to 70 wt% of Fe and 1 to 2 wt% of B is produced. There-
after, the ingot is crudely pulverized to a size of about
200 pm with a stamp mill, a crusher or the like.

[0028] Then, the crudely pulverized magnet powder is
finely pulverized to an average grain size of 3 wm or less
by a wet method using a bead mill, and the magnet pow-
der is dispersed in a solution to prepare a slip. Inciden-
tally, in the wet pulverization, 4 kg of toluene based on 5
kg of the magnet powder is used as a solvent, and 0.05
kg of a phosphate-based dispersing agent is further add-
ed as a dispersing agent. Further, during the wet pulver-
ization, the high-melting metal element-containing or-
ganic compound is added so as to give a metal compo-
nent content of 0.01 to 8 wt% based on the magnet pow-
der, or the precursor of the high-melting ceramicis added
so as to give a ceramic component content of 0.01 to 8
wt% based on the magnet powder, thereby dispersing
the high-melting metal element-containing organic com-
pound or the precursor of the high-melting ceramic in the
solvent together with the magnet powder. Incidentally,
detailed dispersing conditions are as follows:

Dispersing device: bead mill
Dispersing medium: zirconia beads

[0029] As the high-melting metal element-containing
organic compound or the precursor of the high-melting
ceramic added herein, an organic compound of Ta, Mo,
W or Nb, or a precursor of BN or AIN may be used. More
specifically, one soluble in the solvent of the slurry is ap-
propriately selected to use from tantalum (V) ethoxide,
tantalum (V) methoxide, tantalum (V) tetraethoxyacety-
lacetonate, tantalum (V) (tetraethoxy) [BREW], tantalum
(V) trifluoroethoxide, tantalum (V) 2,2, 2-trifluoroethoxide,
tantalum tris(diethylamido)-t-butylimide, tungsten (VI)
ethoxide, hexacarbonyl tungsten, 12-tungsto (VI) phos-
phoric acid n-hydrate, tungstosilicic acid n-hydrate, 12-
tungsto (VI) silicic acid 26-hydrate, niobium n-butoxide,
niobium (IV) chloride-tetrahydrofuran complex, niobium
(V) ethoxide, niobium (IV) 2-ethylhexanoate, niobium
phenoxide, molybdenum (1) acetate dimer, molybdenum
(VI) dioxide bis(acetylacetonate), molybdenum (VI) diox-
ide bis(2,2,6,6-tetramethyl-3,5-heptanedionate), molyb-
denum 2-ethylhexanoate, molybdenum hexacarbonyl,
12-molybdo (VI) phosphoric acid n-hydrate, molybde-
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num (VI) dioxide bis(acetylacetonate), 12-molybdosilicic
acid n-hydrate and the like.

Further, even when insoluble in the solvent, the high-
melting metal element-containing organic compound or
the precursor of the high-melting ceramic which has been
pulverized into fine particles is added at the time of wet
dispersion, and uniformly dispersed, whereby it becomes
possible to uniformly adhere it to the particle surfaces of
the Nd magnet particles.

[0030] Furthermore, there is no particular limitation on
the solvent used for pulverization, and there can be used
an alcohol such as isopropyl alcohol, ethanol or metha-
nol, a lower hydrocarbon such as pentane or hexane, an
aromatic compound such as benzene, toluene or xylene,
a ketone, a mixture thereof or the like. In particular, iso-
propyl alcohol or the like is preferred.

[0031] After dispersion of the magnet powder, a resin
binder is added to and mixed with the slip prepared. Sub-
sequently, the magnet powder and the resin binder are
kneaded to produce a slurry 41. Incidentally, a material
used as the resin binder is not particularly limited, and is
each of various thermoplastic resin single substances or
mixtures thereof, or various thermosetting resin single
substances or mixtures thereof. Physical properties, na-
tures and the like of the respective ones may be any, as
long as they are within the range in which desired char-
acteristics are obtained. For example, a methacrylicresin
may be mentioned.

[0032] Subsequently, a green sheet 42 is formed from
the slurry 41 produced. A method for forming the green
sheet 42 can be performed, for example, by a method of
coating a supporting substrate such as a separator as
needed with the produced slurry 41 by an appropriate
system, followed by drying, or the like. Incidentally, the
coating system is preferably a system excellent in layer
thickness controllability, such as a doctor blade method.
Further, it is preferred that a defoaming treatment is suf-
ficiently performed so that no air bubbles remain in a
developed layer, by combined use of a defoaming agent
or the like. Incidentally, detailed coating conditions are
as follows:

Coating system: doctor blade

Gap: 1 mm

Supporting substrate: silicone-treated polyester film
Drying conditions: 130°Cx30 min after 90°Cx10
min

[0033] Further, a pulsed field is applied to the green
sheet 42 coated on the supporting substrate, in a direc-
tion crossing to a transfer direction, thereby orientating
the magnetic field in a desired direction. Incidentally, it
is necessary to determine the direction in which the mag-
neticfield is orientated taking into consideration the mag-
netic field direction required for the permanent magnet 1
molded from the green sheet 42.

[0034] Then,the green sheet42 formed from the slurry
41 is divided into a desired product shape (for example,
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in this embodiment, the fan shape shown in Fig. 1).
Thereafter, sintering is performed at 1,100°C to 1,150°C
for about 1 hour. Incidentally, the sintering is performed
under an Ar or vacuum atmosphere, and as a result of
the sintering, the permanent magnet 1 composed of a
sheet-like magnet is manufactured.

[0035] As described above, in the permanent magnet
1 and the method for manufacturing the permanent mag-
net 1 according to this embodiment, the magnet raw ma-
terial including 27 to 30 wt% of Nd, 60 to 70 wt% of Fe
and 1to 2 wt% of B is pulverized to the fine powder having
a grain size of 3 wm or less by the wet pulverization, and
the high-melting metal element-containing organic com-
pound is added so as to give a metal component content
of 0,01 to 8 wt% based on the magnet powder, or the
precursor of the high-melting ceramic is added so as to
give a ceramic component contentof 0.01 to 8 wt% based
on the magnet powder, thereby dispersing the high-melt-
ing metal element-containing organic compound or the
precursor of the high-melting ceramic in the solvent to-
getherwith the magnet raw material. Thereafter, the resin
binder is added to the solvent, and the magnet powder
and the resin binder are kneaded to produce the slurry
41. Then, the green sheet 42 obtained by molding the
produced slurry 41 into a sheet form is sintered, thereby
manufacturing the permanent magnet 1. Accordingly, the
contraction due to sintering becomes uniform, whereby
the deformations such as warpage and depressions do
not occur after sintering, and further, it is unnecessary to
perform the conventional correcting processing after sin-
tering, which can simplify the manufacturing processes,
because the pressure unevenness at the time of pressing
disappears. Therefore, it becomes possible to mold the
permanent magnet 1 with a high degree of dimension
accuracy. Furthermore, even when the permanent mag-
net 1 reduced in film thickness is manufactured, the mag-
netic characteristics of the permanent magnet 1 are not
deteriorated by the processing-deteriorated layer on the
surface.

In addition, the surfaces of the pulverized magnet parti-
cles are coated with the high-melting metal element-con-
taining organic compound or the precursor of the high-
melting ceramic wet-mixed in the solvent together with
the magnet powder, thereby being able to inhibit the grain
growth of the magnet particles at the time of sintering.
Accordingly, it becomes possible to adjust the crystal
grain size of the sintered body to 3 wm or less to improve
the magnetic performance of the permanent magnet.
Moreover, the high-melting metal element-containing or-
ganic compound or the precursor of the high-melting ce-
ramic is unevenly distributed in the grain boundary of the
magnet raw material after sintering, so that it becomes
possible to inhibit the grain growth of the magnet particles
at the time of sintering without decreasing the residual
magnetization of the magnet.

[0036] Incidentally, the invention should not be con-
strued as being limited to the above-mentioned example,
and various improvements and modifications are of
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course possible within the range not departing from the
gist of the invention. For example, in this embodiment,
as the method for dispersing the magnet powder and the
high-melting metal element-containing organic com-
pound or the precursor of the high-melting ceramic in the
solvent, the crudely pulverized magnet powder is wet-
pulverized in the solvent together with the high-melting
metal element-containing organic compound or the pre-
cursor of the high-melting ceramic, thereby dispersing
them in the solvent, as shown in Fig. 4. However, it is
also possible to disperse them by the following method.

(1) First, the crudely pulverized magnet powder is
finely pulverized to a magnet powder having an av-
erage grain size of about 3 um or less by dry pulver-
ization using a ball mill, a jet mill or the like.

(2) Then, the finely pulverized magnet powderis add-
ed to the solvent, and allowed to be uniformly dis-
persed in the solvent. In that case, the dispersing
agent and the high-melting metal element-contain-
ing organic compound or the precursor of the high-
melting ceramic are also added to the solvent.

(3) The magnet powder and the resin powder dis-
persed in the solvent are kneaded to produce the
slurry 41.

It becomes possible to manufacture the permanent
magnet having the same constitution as in this em-
bodiment by hereinafter performing the same treat-
ment as in this embodiment

[0037] Further, in this embodiment, description is
made taking the permanent magnet buried in the VCM
as an example. However, it is also of course possible to
be applied to the permanent magnet buried in a perma-
nent magnet motor such as a vibration motor mounted
on a cellular phone, a driving motor mounted on a hybrid
car or a spindle motor for rotating a disk of a hard disk
drive.

[0038] Furthermore, the pulverizing conditions, knead-
ing conditions and sintering conditions of the magnet
powder should not be construed as being limited to the
conditions described in the above-mentioned example.
[0039] Whiletheinvention hasbeen described in detail
with reference to the specific embodiment thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without departing
from the spirit and scope of the invention.

Incidentally, this application is based on Japanese Patent
Application No. 2008-105759 filed on April 15, 2008, the
entire contents of which are incorporated herein by ref-
erence.

Further, all references cited herein are incorporated by
reference in their entirety.

INDUSTRIAL APPLICABILITY

[0040] According to the permanent magnet of the in-
vention, the permanent magnet has the above-men-
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tioned constitution. Accordingly, the contraction due to
sintering becomes uniform, whereby the deformations
such as warpage and depressions do not occur after sin-
tering, and further, it is unnecessary to perform the con-
ventional correcting processing after sintering, which can
simplify the manufacturing processes, because the pres-
sure unevenness at the time of pressing disappears.
Therefore, it becomes possible to mold the permanent
magnet with a high degree of dimension accuracy. Fur-
thermore, even when the permanent magnet is reduced
in film thickness, the magnetic characteristics are not de-
teriorated by the processing-deteriorated layer on the
surface. In addition, the surfaces of the pulverized mag-
net particles are coated with the high-melting metal elen-
ment-containing organic compound or the precursor of
the high-melting ceramic by performing wet mixing, so
that the grain growth of the magnet particles at the time
of sintering can be inhibited. Accordingly, it becomes pos-
sible to adjust the crystal grain size of the sintered body
to 3 wm or less to improve the magnetic performance.

DESCRIPTION OF REFERENCE NUMERALS AND
SIGNS

[0041]

1: Permanent magnet

35:  Nd magnet particle

36:  Grain growth inhibiting layer
41:  Slurry

42:  Green sheet

Claims
1. A permanent magnet manufactured by steps of:

wet-pulverizing a high-melting metal element-
containing organic compound or a precursor of
a high-melting ceramic in a solvent together with
a magnet raw material to pulverize the magnet
raw material into fine particles having a grain
size of 3 wm or less and to coat a surface of the
pulverized magnet raw material with the high-
melting metal element-containing organic com-
pound or the precursor of the high-melting ce-
ramic;

adding a resin binder to the magnet raw material
coated with the high-melting metal element-con-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet.

2. A permanent magnet manufactured by steps of:
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pulverizing a magnet raw material into fine par-
ticles having a grain size of 3 um or less;
wet-mixing a high-melting metal element-con-
taining organic compound or a precursor of a
high-melting ceramic in a solvent together with
the pulverized magnet raw material, thereby
coating a surface of the pulverized magnet raw
material with the high-melting metal element-
containing organic compound or the precursor
of the high-melting ceramic;

adding a resin binder to the magnet raw material
coated with the high-melting metal element-con-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet.

3. The permanent magnet according to claim 1 or 2,
wherein the high-melting metal element-containing
organic compound or the precursor of the high-melt-
ing ceramic is unevenly distributed in a gain bound-
ary of the magnet raw material after sintering.

4. A method for manufacturing a permanent magnet
comprising steps of:

wet-pulverizing a high-melting metal element-
containing organic compound or a precursor of
a high-melting ceramicin a solvent together with
a magnet raw material to pulverize the magnet
raw material into fine particles having a grain
size of 3 wm or less and to coat a surface of the
pulverized magnet raw material with the high-
melting metal element-containing organic com-
pound or the precursor of the high-melting ce-
ramic;

adding a resin binder to the magnet raw material
coated with the high-melting metal element-con-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet.

5. A method for manufacturing a permanent magnet
comprising steps of:

pulverizing a magnet raw material into fine par-
ticles having a gain size of 3 um or less;

wet-mixing a high-melting metal element-con-
taining organic compound or a precursor of a
high-melting ceramic in a solvent together with
the pulverized magnet raw material, thereby
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coating a surface of the pulverized magnet raw
material with the high-melting metal element-
containing organic compound or the precursor
of the high-melting ceramic;

adding aresin binder to the magnet raw material
coated with the high-melting metal element-can-
taining organic compound or the precursor of
the high-melting ceramic;

producing a slurry by kneading the magnet raw
material and the resin binder;

molding the slurry into a sheet form to prepare
a green sheet; and

sintering the green sheet.
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